Twins have a high frequency of adverse perinatal events and have been reported to have an increased risk of seizures. Contrary to popular belief, a recent study reported that twins do not have an increased risk of seizures. We studied the relationship of twinning and epilepsy in India. The frequency of twinning in families of probands with epilepsy was compared with the frequency of twinning among hospital births in the same region of India. We also compared consecutively ascertained probands with epilepsy for their twin status and the occurrence of epilepsies in their twin and non-twin relatives. The frequency of twin births in families of 524 probands with epilepsy was comparable to the twin births among consecutive deliveries over a 3-year period in another government hospital in the same catchment area (1:99 vs. 1:75). Every 1 in 58 of probands with epilepsy was a twin while a twin was born in these families every 1 in 71 live births. The frequency of epilepsy in non-proband twin relatives was 1.5% compared with 2% among non-proband, non-twin relatives. This data suggests that twin birth is not a major risk factor for seizures even in families of Indian probands with epilepsy. Family data such as ours can be used to study the contribution by genetic factors in the pathogenesis of complex genetic diseases such as human epilepsies.
INTRODUCTION
Human epilepsies are now believed to result from a combination of genetic and acquired factors but the relative contribution of various factors towards the causation of most epileptic syndromes has remained a controversial issue. Twins have been used as a powerful model to analyse the contribution of genetic and acquired factors in the pathogenesis of complex human diseases such as epilepsiesl-3. Increased perinatal morbidity and mortality among twins, especially in developing countries, can confound the analysis of twin data and even make it less applicable to nontwins with epilepsy. A few studies, including one hospital based in India, have suggested that twins had a higher incidence of epilepsy presumably due to the 45 high perinatal morbidity ' . This was not confirmed in a large community-based Australian study in twins I . This discrepancy could be due to differences in the methodology or due to different levels of obstetric care in the two countries. Because the twinning process itself has a genetic component, a link between twinning and epilepsy could be as a result of a number of complex causes.
Therefore, we re-examined the relationship of twinning and epilepsy in India by addressing the following questions. Is the frequency of twinning in families of probands with epilepsy different from the frequency of twinning in the same region of India? Is the frequency of epilepsy higher in twins than non-twins among consecutively ascertained individuals with epilepsy or among the twin and non-twin relatives of probands with epilepsy?
The present study reports the data on twin births collected from family pedigrees of a large patient cohort of epilepsy seen in a super-speciality government hospital and as noted among consecutive deliveries over a 3-year period in another large referral government hospital in the same city. The frequency of all seizure types and epilepsies in twins and non-twins in families of epilepsy probands is also reported. The similarities and differences between the two sets of data reported in the present study have been compared with similar reports from India and other countries. 
MATERIALS AND METHODS
The first set of data were obtained from the analysis of all deliveries conducted at the Northern Railway Central Hospital (NRCH), New Delhi. This is a large referral hospital where railway employees and their family members seek medical treatment. All the deliveries conducted in this hospital during a 3-year period (1993) (1994) (1995) have been included in the present study. The entire data has been obtained and analysed by the same person (MS J).
The second set of data included in this study have been taken from an ongoing study to look into the occurrence of seizure types in relatives of probands with different epileptic syndromes. All probands included have been taken from the out-patient clinics of the Neurology Department, Neurosciences Centre, All India Institute of Medical Sciences (AI-IMS), New Delhi. Probands with a diagnosis of their seizure types/epileptic syndrome, confirmed by three of the authors (MCM, S J, MVP), were included in the study. The epilepsy probands were ascertained irrespective of whether they were twins or nontwins. After inclusion, all probands were evaluated by one person (SJ) and the seizure types/epileptic syndromes were classified according to the International Classification of Epileptic Syndromes 6. For analysis, the epileptic syndromes in probands were divided into two groups. Group 1 consisted of idiopathic epileptic syndromes (IES) that included idiopathic generalized epilepsies and syndromes plus idiopathic localization-related epilepsies and syndromes. Group 2 contained other epileptic syndromes (OES) that included localization-related symptomatic epilepsies and syndromes, symptomatic or cryptogenic generalized epilepsies and syndromes, epilepsies and syndromes undetermined whether focal or generalized, special syndromes (febrile convulsions, single isolated seizures) and a syndrome of single small enhancing computerized tomography (CT) lesions (SSEL). The syndrome of SSEL is peculiar to Indian probands with epilepsy. These probands have seizures and the head CT scan shows a single, small, enhancing lesion. Most often the probands have only a few seizures that are partial with or without secondary generalization and are easily controlled with the standard antiepileptic drugs. The CT lesion most often resolves spontaneously 7. In the present study all patients included in the SSEL group had a lesion that had either totally cleared or was reduced to a very small calcified dot on the repeat CT scan.
Family pedigrees were constructed for all probands (AP) to include all the first-and second-degree relatives of the probands. Specific information on twin births in the families was obtained from probands and their accompanying relatives while collecting family data. They were requested to cross-check this on retuming home and the information on twin births was reconfirmed in all family pedigrees on a second visit by the proband and at least one close relative. In case of twin births among families of epilepsy probands, the pedigrees were extended beyond the first-and second-degree relatives. The entire family data was rechecked and confirmed by the same person on both occasions (S J). Information on relatives affected with epilepsy was also similarly collected and as far as possible the affected relatives were registered in the outpatient clinic and examined by one person (S J). All probands had at least one conventional scalp electroencephalograph (EEG) (with hyperventilation, intermittent photic stimulation and if possible natural sleep). All affected relatives that were examined also had EEGs performed. Brain CT and MRI scans were done as and when clinically indicated. A family history of epilepsy was considered positive only if an epileptic syndrome was presented in the first-or second-degree relatives of the probands.
The frequency of twin births as obtained from the obstetric hospital data was compared with that of families of epileptic probands. The frequency of all seizure types and epileptic syndromes in individuals born as twins and non-twins in families of epileptic probands was compared first in the probands which are unselected for their twin status, and secondly in the twin and non-twin relatives of the probands. A chi-square test with Yate's correction factor was used to compare the twin rates and other statistics related to twin births among the two sets of data.
RESULTS
We analysed complete family pedigrees of 524 probands with different epileptic syndromes seen at the AIIMS and discovered 103 twin births among a total of 10,204 births in these families. The ratio of twin to total births in the families of probands with epilepsy was !:99. In the NRCH there were 3303 deliveries conducted from January 1993 to December 1995. There were 44 twin births among these 3303 deliveries, giving a ratio of 1 twin birth every 75 deliveries. The difference in the frequency of twin births between NRCH and AIIMS data was not statistically significant. Among the families of epilepsy probands seen at AIIMS, 143 (69%) of 206 twins were born alive as compared with 80 (91%) of 88 of live twin births at the NRCH (p < 0.001). Similarly, 55% of twins born at NRCH were of identical sex as compared with 65% recorded in the AIIMS family charts (p not significant, Table 1 ).
The ratio of twin to total births in families of epilepsy probands was fairly uniform and there was Figure in parentheses represents the number of probands whose family pedigrees were reviewed. IES: Idiopathic epileptic syndromes that included idiopathic generalized epilepsies and syndromes plus idiopathic localization-related epilepsies and syndromes. OES: The epileptic syndromes included in this group are localization-related symptomatic epilepsies and syndromes, symptomatic or cryptogenic generalized epilepsies and syndromes, epilepsies and syndromes undetermined whether focal or generalized, special syndromes (febrile convulsions, isolated seizures) as per International Classification of Epileptic Syndromes 6 and syndrome of SSEL. * A positive family history of epilepsy was considered as epilepsy being present in a first-or second-degree relative only.
no statistical difference between this ratio among families of probands with different epileptic syndromes. Similarly, the ratio of twin to total births among families of epileptic probands who did not have a positive family history of epilepsy was 1:104 as compared with 1:91 among those families with a positive family history of epilepsy (positive history defined as epilepsy being present in a first-or second-degree relative). This difference was also statistically not significant (Table 2) .
Among 524 probands with epilepsy there were 9 twins. Therefore, 1 in 58 of probands with epilepsy was a twin. In these 524 families, we had information on 10,204 births. Among the 206 children born as twins, 63 had died. Therefore, the total number of live births in these families was 10,141, among which 143 children were born as twins. Thus 1 in 71 live births in these families was a twin. Additionally among these families, there were two non-proband epileptic twins among 134 living non-proband twins (143 minus 9 epileptic probands born as twins). The frequency of epilepsy in non-proband twin relatives was 1.5% (2 of 134). We had 9537 non-proband, non-twin births in our 524 family charts (total births -probandslive twin births, i.e. 10, 204-524-143 = 9537). Among these 9537 individuals, 194 (1:49, 2%) firstand second-degree relatives of epilepsy probands had seizures or an epileptic syndrome.
Among the 11 persons with epilepsy who were born as twins, 9 were probands while 2 were second-degree relatives of the proband. The seizure types/epileptic syndromes in 9 epileptic probands born as twins were: juvenile myoclonic epilepsy (1), partial simple seizures with or without secondary generalization (3), partial complex seizures (2), seizures secondary to perinatal insult (2) and SSEL (1). There were no affected twin pairs. Three of the nine epileptic probands born as twins had a family history of epilepsy. In all these three families, affected relatives had idiopathic generalized epilepsy. In the two families where nonproband epileptic twins were born, the probands had tuberous sclerosis and idiopathic generalized epilepsy (grand mal seizures in sleep) respectively.
DISCUSSION
In recent years twins have become the topic for intense medical research with an aim to understanding the genetic contributions to many diseases. The twinning rates have varied from country to country and within countries 8-2°. In the present study, 44 twin pairs were born among 3303 consecutive deliveries conducted at a large, referral government hospital (NRCH) in New Delhi. The twinning rate of 1 in 75 births at this hospital compares well with other reported series from India and other countries 8-2°. The twinning rate amongst families of probands with different epileptic syndromes seen at the AIIMS, New Delhi was almost similar at 1 in 99 births recorded in 524 family pedigrees accounting for 10,204 total births. Although the two populations (NRCH and AI-IMS) were not matched in terms of factors (such as maternal age, parity etc) that are known to be associated with dizygotic twinning rates, the difference between the twin rates in NRCH and AIIMS data was statistically not significant. The data from the family pedigrees of AIIMS epilepsy probands was collected very meticulously and rechecked but still can have some limitations. The information on twin births in these families was obtained from either the proband or a few close relatives of the proband. This data represents the figures that we were able to collect and it is still possible in a few families that the persons who gave us the family details were not aware of the actual number of twin births in their families. Despite these limitations and the paucity of similar data in the literature, it was rather interesting to find an almost similar twinning rate in the families of epilepsy probands as compared with that noted in deliveries conducted in another hospital in the same city (1:99 vs. 1:75 respectively).
The 91% survival rate amongst twin deliveries conducted at NRCH was expected to be higher as compared with 69% noted among twin births in the families of epilepsy probands. We could not get the detailed information about where the twin deliveries noted in families of epilepsy probands were conducted, but it is logical to assume that these deliveries must have been conducted in different settings ranging from a village hut to a large city hospital. Similarly, we did not have sufficient information to know about the zygosity of twin births but 55% of twins born at NRCH were of the same sex as compared to 65% identical sex twins in the AIIMS data. The difference was statistically not significant. It has been suggested that for all practical purposes, twins of unlike sex are dizygotic. In our study, 56 (38%) of 147 twin pairs among the total AIIMS and NRCH data were of unlike sex (Table 1 ). The ratio of sex concordant to sex discordant pairs as 1.6:1. Similar rates of like-sexed and unlike-sexed twins have been reported from Indian literature 8 ' 10, 11,18 Twins have been suggested as a model to understand the extent of the genetic and acquired contributions in the genesis of many human diseases including epilepsy. In a community-based study on a large sample of twins, the observed number of non-twin siblings with seizures did not differ from that predicted by the age-specific cumulative incidence rate S. Jain et al of seizures in the twins. Seizures (including all types) were documented in 3.8% of twins as compared with 3.9% of non-twin siblings. This was contrary to previous belief and the study suggested that twins do not have an increased risk of seizures. This study also concluded that perinatal factors make little contribution towards the aetiology of common epilepsies in the community I . In our study, epilepsy probands were ascertained irrespective of whether they were twins or non-twins. Among the probands, 1 in 58 was a twin with epilepsy. Among these families, there was 1 twin born in every 71 live births. Thus from our large unselected sample of epileptic probands and their families, there was no statistical difference in the frequency of epileptic twins as compared with the frequency of twin births in these families and obstetric deliveries in another hospital in the same catchment area. This data is important for interpreting the frequency of epilepsy in twins and supports the earlier observation of Berkovic et al 1"2 that twin birth (and by implication perinatal events) are not a major cause of epilepsy. It is important to note that our data has been collected from families with at least one person with epilepsy. In addition, this data contradicts an earlier report from India stating that twins have an appreciably higher risk of epilepsy than singletons 5. Our observation that twin birth is not a major risk factor for epilepsy finds further support in our data on non-proband epileptic twin relatives and non-proband, non-twin relatives in 524 families. The frequency of epilepsy in nonproband twin relatives was 1.5% while 2% of nonproband, non-twin relatives had epilepsy.
In our data from family pedigrees of epilepsy probands seen at AIIMS, 11 (8%) of 143 alive children born as twins had one of the epileptic syndromes. Our data has been collected from the families of probands with epilepsy and does not represent the situation as seen in the general population. Moreover, we have taken 524 epileptic probands and their relatives and have included twin probands with epilepsy. Berkovic et al I reported 3.8% of twins with epilepsy in a group of individuals that were selected because they were twins and were asked how many had epilepsy. In our data, the frequency of epilepsy in non-proband twins was 1.5% and in non-proband, non-twin relatives was 2%. Further, as pointed out earlier, among the 11 children born as twins who had epilepsy, nine were the probands while the remaining two were second-degree relatives of the probands. Although the epileptic probands born as twins had a variety of epileptic syndromes, a family history of epilepsy was noted in three of these nine probands. It was interesting to note that all the affected relatives in these three families had idiopathic generalized epilepsy. In the two families where non-proband epileptic twins were born, the probands had tuberous sclerosis and idiopathic generalized epilepsy (grand mal seizures in sleep) respectively. Both these nonproband epileptic twins had a genetic epileptic syndrome. These observations can be taken to provide further support to the fact that epilepsy in twins is largely of genetic origin.
Based on our study, we conclude: I. The twinning rate among families of Indian probands with epilepsy is similar to that seen in data from hospital births in the same city and other studies reported from India.
2. Epilepsy in twins may be largely genetic rather than due to factors associated with twinning.
3. Family data such as ours, if collected meticulously, can be used to form hypotheses for understanding the extent of contribution by genetic factors towards the pathogenesis of complex genetic diseases like human epilepsies.
The results of our study support the contention that twins provide a unique model to study the complex genetic and environmental relationships involved in the pathogenesis of different diseases. However, these are just preliminary observations and need to be confirmed by other similar and larger studies before any definite hypothesis can be formed about the possible explanations. There are many complex and unresolved issues in relation to human health and disease. Many of these issues confront us daily as individuals and health-care workers. Results of a much larger number of such families that we hope to collect and analyse in the near future, along with the results of similar studies in other population groups, can provide us with further clues and a way to analyse and think about some of these unresolved issues.
